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(57) ABSTRACT 

The black level calibration apparatus includes a black level 
clamp circuit which generates a black level clamp signal 
based on a caMbraled reference voltage. A correlated double 
sampHng/automatic gain control (CDS/AGS) circuit per- 
forms sample/hold and automatic gain control operations on 
an analog image signal based on the black level clamping 
signals. An analog-to-digital converter converts the analog 
image output from the CDS/AGS circuit into a digital image 
signal. A control signal setting circuit compares the black 
level value of the digital image signal with a black level 
calibration value, and sets a digital control signal based on 
the comparison. A reference voltage calibration circuit gen- 
erates the calibrated reference voltage in accordance with 
the digital control signal. 

11 Claims, 2 Drawing Sheets 
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BLACK LEVEL CALIBRATION APPARATUS 
FOR VroEO CAMERA 

BACKGROUISTD OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a video camera, and more 
particularly, to an improved black level calibration apparatus 
for a video camera which is capable of automatically cali- 
brating a black level of an applied image signal inside a chip. 

2. Description of the Background Art 

FTG. 1 is a block diagram illustrating an interior of a 
conventional video camera. As shown therein, the conven- 
tional video camera includes a charge coupled device 
(hereinafter, referred to as CCD) 100 for converting, to an 
electrical signal, the optical image received through a lens 
and outputting a resultant value, a correlated double sam- 
pling (hereinafter, refened to as CDS) and automatic gain 
control circuit (hereinafter, referred to as AGC) circuit 110 
for carrying out sample/hold and automatic gain control with 
regard to the output signal of CCD 100, a reference voltage 
generator 130 for generating an upper phase reference 
voltage Vj- and a lower phase reference voltage V^, an 
analog/digital converter (hereinafter, referred to as A/D 
converter) 120 for converting the analog image signal out- 
putted from the CDS/AGC 110 to a digital image signal in 
accordance with reference signals outputted from the refer- 
ence voltage generator 130, and a clamp circuit 140 for 
clamping a black level value of the analog image signal 
outputted from the CDS/AGC circuit 110 to the lower phase 
reference voltage value V^ outputted from the reference 
voltage generator 130 so that these values become equal and 
feeding back the clamped value to the CDS/AGC circuit 
110, and a potentiometer R for varying the lower phase 
reference value V^ received by the A/D converter 120. 

The black level calibrating process of a video camera 
according to the conventional art will now be described. 

First, the output signal of the CCD 100 realizes its 
sample/hold and automatic gain control through the CDS/ 
AGC 110, and is converted to a normal analog image signal. 
The analog image signal is converted to a digital image 
signal by the A/D converter 120. 

The A/D converter 120 converts the analog image signal 
to a digital image signal with reference to the upper phase 
reference voltage Vj. and the lower phase reference voltage 
V^, as varied by a potentiometer R, generated by the 
reference voltage generator 130 and outputs a resultant 
value. 

At this time, since the black level value of the applied 
analog image signal has to coaespond to the lower phase 
reference voltage value V^, there is provided a black level 
clamp circuit 140. 

The black level clamp circuit 140 receives a black level 
signal periodically generated from the CDS/AGC circuit 
110, clamps the received signal to a level of the lower phase 
reference voltage V^ generated by the reference voltage 
generator 130 and feeds the result back to the CDS/AGC 
circuit 110. 

Therefore, although the lower phase reference voltage Vj^ 
of the A/D converter 120 and the black clamping level of the 
black level clamp circuit 140 are theoretically equal, it is 
difficult for an accurate clamping to be ideally carried out 
due to mismatch with a system or device. Also, there may 
occur a disadvantage in which a black level should be 
controlled depending upon the quality of a particular image 
requested by a customer. 
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In order to eliminate such a disadvantage, the conven- 
tional video camera, as shown in FIG. 1, provides the 
potentiometer R (i.e., variable resistance) attached to a lower 
phase reference voltage output terminal of the reference 

5 voltage generator 130 to appropriately and manually control 
the lower phase reference voltage V^ received by the A/D 
converter 120. The value from the variable resistance R is 
applied to the A/D converter 120, whereby the lower phase 
reference voltage V^ of the A/D converter 120 is controlled 

10 differently from the reference voltage applied to the black 
level clamp circuit 140. 

Although the conventional circuit described above has not 
been problematic in the conventional system in which 
respective functions of CDS/AGC, A/D conversion and 

15 reference voltage generation are realized in separate chips 
by attaching a variable resistance outside the chip, a con- 
siderable disadvantage is incurred in the case where these 
function are placed on a single chip. 

Further, since the reference voltage applied to the A/D 

'^^ converter 120 is varied, an internal conversion range of the 
A/D converter is varied, which results in deterioration of the 
A/D converter function. 

SUMMARY OF THE INVENTION 

^ In the black level calibration apparatus according to the 
present invention, a reference voltage generator generates a 
reference voltage, and a correlated double sampling/ 
automatic gain control (CDS/AGS) circuit perform sample/ 
hold and automatic gain control operations on an analog 
image signal based on a black level clamping signal. The 
apparatus also includes a black level clamping circuit which 
generates the black level clamping signal based on a cali- 
brated reference voltage. An analog to digital converter 
converts the analog image signal output from the CDS/AGS 
circuit into a digital image signal. A control signal setting 
circuit compares the black level of the digital image signal 
with a black level calibration value, and sets a digital control 
signal based on the comparison. A reference voltage cali- 
bration circuit generates the calibrated reference voltage in 

^ accordance with the digital control signal. Because these 

circuits are included on a single chip and do not require an 

external variable resistance, the problems and disadvantages 

discussed above with respect to the conventional art are 

overcome. 
45 . 

The object and advantages of the present invention will 
become more readily apparent from the detailed description 
given hereinafter. However, it should be understood that the 
detailed description and specific example, while indicating 
preferred embodiments of the invention, arc given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip- 
tion. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become better understood with 
reference to the accompanying drawings which are given 
only by way of illustration and thus are not limitative of the 
present invention, wherein; 

FIG. 1 is an internal block diagram illustrating a conven- 
tional black level calibration apparatus for a video camera; 

FIG. 2 is an internal block diagram illustrating a black 
level calibration apparatus for a video camera according to 
65 the present invention; and 

FIG. 3 is a detailed circuit view illustrating a D/A con- 
verter in the circuit of FIG. 2. 
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DETAILED DESCRIPTION OF THE digital comparator 230 is at a high level, the present count 

PREFERRED EMBODIMENTS value is lowered by "one", if at the low level, the present 

. ^ . . » . 1 count value is raised by "one", and if at "IN", the count value 

With reference to the accompanying drawings the pre- ^^^^-^^ unchanged, that is, the present count value is fixed. 

ferred embodiments of the present invention will now be . ^ . , . . , . • 

described thusly determmed n-bit control signal is appued to 

„ ' ^ . , the D/A converter 250, and the D/A converter 250 increases 

HG. 2 IS a black level calibration apparatus for a video a^ctcasts the lower phase reference voltage generated 

camera according to the preferred embodiment of toe the reference voltage generator 220 in accordance with 

present invention. As shown therein, the apparatus includes ^j^^ control sienal 

a CDS/AGC circuit 200 for carrying out sample/hold and in rr« . • ^- . t^.. -.-^ 

automatic gain control with regard to an output signal of a , architecture of the D/A converter 250 according to 

charged couple device (CCD), a reference voltage generator [he preferred embodiment of the present invenUon will now 

220 for generating an upper phase reference voltage and ^^^^^ described with reference to FIG. 3. 

a lower phase reference voltage V^, an A/D converter 210 As shown therein, the D/A converter 250 includes a 

for converting an analog image signal that has passed 15 decoder 251 for decoding the n-bit digital control signal to 

through the CDS/AGC 200 to a digital image signal in 2" bits. The D/A converter 250 also includes a voltage 

accordance with the upper and lower phase reference volt- divider 252, a divided voltage selector 253 and an output 

ages Vj- and V^, a digital comparator 230 for comparing a t)uffer 254, The voltage divider 252 has a plurality of equal 

black level of the digital image signal outputted from the resistance resistors Rl, R2, . . . R2^ connected in series 

A/D converter 210 with a black level calibration value 20 ^ summed voltage equal to the lower phase refer- 

received from a microcomputer and outputting a compared ence voltage plus a predetermined voltage and a 

resultant value accordingly, an up/down counter 240 for difference voltage equal to the lower phase reference voltage 

raising or lowering a present count value in accordance with plus the predetermined voltage V^, The divided voltage 

an output signal of the digital comparator 230 for thereby selector 253 includes a plurality of switches SI, S2, . . . S2". 

outputting as an n-bit control signal, a D/A converter 250 for 25 ^"^^^^^ selectively connects the voltage +V,, to 

outputting a voltage value selected from a plurality of the output buffer 254 and each of the switches S2-S2" 

divided voltages according to a control signal applied from selectively connects a node between two of the resistors 

the up/down counter 240, a black level clamp circuit 260 for R1-R2'' to the output buffer 254 based on the output of the 

clamping a black level of an analog image signal from the decoder 251. Namely, the decoder 251 outputs 2" bits in 

CDS/AGC circuit 200 in accordance with the voltage value 30 Parallel, and each bit controls operation of a respective 

selected by the D/A converter 250 and feeding back the switch S1-S2". The output buffer 254 buffers and amplifies 

clamped value to the CDS/AGC circuit 200, and an A/D gate the voltage selected from the divided voltage selector 220 

270 for applying an enable signal EN to the digital com- and outputs the resultant value. 

parator 230 and the up/down counter 240 when the black The operation of the D/A converter 250 will now be 

level clamping signal BCLP and the black level calibration 35 described in further detail. 

signal BCLB are both turned on. xh© difference of the voltages applied to both ends of the 

The operational process of the black level calibration respective resistances is (V^+V^^)-(V^-Vq^)/2"(V), that is, 

apparatus for a video camera according to the preferred 2V^^2''(V). 

embodiment of the present invention will now be described for example, if V^»1.0(V), Vqj=0.1(V), and n=3 are 

in detail. 40 satisfied, l.l(vj and 0.9(V) are respectively 'applied to the 

First, the signal outputted from the CCD undergoes both ends of the voltage divider 252, and a row of eight 

sample/hold and automatic gain control while passing identical resistances are serially connected between the two 

through the CDS/AGC circuit 200, and is transferred to the voltages, whereby the voltage difference of both of the 

A/D converter 210. resistance ends is 0.025(V) (i.e., 0.02(V)/8=0.025(V)). 

The A/D converter 210 converts the analog image signal A number 2" of contacts between the respective resis- 

received from the CDS/AGC circuit 200 to a digital image tances of the voltage divider 252 are connected to corre- 

signal with reference to the upper phase reference voltage sponding switches S1-S2". The switches S1-S2" are con- 

Vy. and the lower phase reference voltage generated by nected in common and applied to a non-inversion input 

the reference voltage generator 220, terminal of an OPAMP (Operational AMPlifier) serving as 

At this time, in case the two input signals of the A/D gate the output buffer 254. 

270, that is, the black level clamping signal BCLP and the At this time, the output signal of the decoder 251 decod- 

black level calibration signal BCLB are both turned on, the ing the n-bit digital control signal received from the 

enable signal EN is applied to the digital comparator 230 and up/down counter 240 into a 2''-bit signal is applied to 

the up/down counter 240, whereby the two blocks 230, 240 respective switches (S1~S2") as a switching control signal, 

become operable. Therefore, the respective switches S1-S2" of the divided 

Then, the digital comparator 230 compares the black level voltage selector 253 become turned on/off in accordance 

value A of the digital image signal received from the A/D with the digital control signal received from the decoder 251 

converter 210 with a previously set black level calibration so that one of the voltages divided in the voltage divider 252 

value B received from the microcomputer. If A>B, a "high" go ^ selected and outputted accordingly, and the output signal 

signal is outputted to the up/down counter 240, if A-B, an of the divided voltage selector 253 is amplified to an 

"IN" signal is outputted to the up/down counter 240, and if appropriate level through the output buffer 254. 

A<B, a "low'* signal is outputted to the up/down counter That is, the switching control signal outputted from the 

240. decoder 251 is set such that there is selected a voltage lower 

The up/down counter 240 raises or lowers a present count 65 than the present lower phase reference voltage by a 

value depending upon an output signal of the digital com- predetermined level in a case the present black level value 

parator 230. For example, when the output signal of the A is larger than a required black level calibration value B, 
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and there is selected a voltage higher than the present lower 
phase reference voltage by a predetermined level when 
the present black level value A is less than a required black 
level calibration value B in the opposite case. 

When the calibrated reference voltage value is applied to 
the black level clamp circuit 260 as a reference voltage, the 
black level clamp circuit 260 clamps the black level of the 
analog image signal received from the CDS/AG C circuit 
200 and feeds back the resultant value to the CDS/AGC 
circuit 200. 

The calibrated and reapplied present black level A and the 
black level calibration value B received from the microcom- 
puter are continuously compared by repeating the above- 
described process until the two values are determined to be 
identical; and thereby calibrate the black level value to a 
predetermined value. 

As described above, the black level calibration apparatus 
for a video camera according to the present invention 
overcomes the problems in the conventional art in which an 
additional external resistance is provided and manually 
controlled. The present invention enables an accurate cali- 
bration to a black level value determined in accordance with 
the control signal of the microcomputer, and the reference 
voltage applied to the black level clamp circuit is varied 
while maintaining unchanged the reference voltage applied 
to the A/D converter, thereby preventing the operation of the 
A/D converter from deteriorating. 

As the present invention may be embodied in several 
forms without departing from the spirit of essential charac- 
teristics thereof, it should also be understood that the above - 
described embodiments are not limited by any of the details 
of the foregoing description, unless otherwise specified, but 
rather should be construed broadly within its spirit and scope 
as defined in the appended claims, and therefore all changes 
and modifications that faU within meets and bounds of the 
claims, or equivalences of such meets and bounds are 
therefore intended to embrace the appended claims. 

What is claimed is: 

1. A black level calibration apparatus, comprising: 

a correlated double sampling/automatic gain control 
(CDS/AGS) circuit performing sample/hold and auto- 
malic gain control operations on an analog image signal 
based on a black level clamping signal; 

a black level clamp circuit generating the black level 
clamping signal based on a calibrated reference voltage 
and feeding back the black level clamping signal to the 
CDS/AGS circuit; 

an analog/digital (A/D) converter converting the analog 
image signal output from the CDS/AGS circuit into a 
digital image signal; 

a control signal setting means for comparing a black level 
value of the digital image signal with a black level 
calibration value, and for setting a digital control signal 
based on the comparison; and 

a reference voltage calibration means for generating the 
calibrated reference voltage in accordance with the 
digital control signal, 

2. The apparatus of claim 1, wherein the control signal 
setting means sets the digital control signal such that the 
reference voltage calibration means lowers the calibrated 
reference voltage when the black level value of the digital 
image signal is greater than the black level calibration value. 

3. The apparatus of claim 1, wherein the control signal 
setting means sets the digital control signal such that the 
reference voltage calibration means raises the calibrated 
reference voltage when the black level value of the digital 
image signal is less than the black level calibration value. 
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4. The apparatus of claim 1, wherein the control signal 
setting means sets the digital control signal such that the 
reference voltage calibration remains unchanged when the 
black level value of the digital image signal is equal to the 

5 black level calibration value. 

5. A black level calibration apparatus, comprising: 

a correlated double sampling/automatic gain control 
(CDS/AGS) circuit performing sample/hold and auto- 
matic gain control operations on an analog image signal 
jQ based on a black level clamping signal; 

a black level clamp circuit generating the black level 
clamping signal based on a calibrated reference voU- 
age; 

an analog/digital (A/D) converter converting the analog 
15 image signal output from the CDS/AGS circuit into a 
digital image signal; 
a control signal setting means for comparing a black level 
value of the digital image signal with a black level 
calibration value, and for setting a digital control signal 
20 based on the comparison, the control signal setting 
means comprising a digital comparator comparing a 
black level value of the digital image signal with the 
black level caUbration value and a counter counting 
up/down based on output from the digital comparator to 
25 generate the digital control signal; and 

a reference voltage calibration means for generating the 
calibrated reference voltage in accordance with the 
digital control signal. 

6. The apparatus of claim 5, wherein the reference voltage 
30 calibration means comprises: 

a decoder decoding the digital control signal into a 
decoded signal having a first predetermined number of 
bits; 

a voltage divider generating a second predetermined 
number of selectable reference voltages, each select- 
able reference voltage differing from another selectable 
reference voltage by a predetermined voltage; 

a voltage selector selecting one of the second predeter- 
mined number of selectable reference voltages based 
^ on the decoded signal. 

7. The apparatus of claim 6, wherein the reference voltage 
calibration means further comprises: 

a buffer buffering and amphfying the selected selectable 
reference voltage. 

8. A black level calibration apparatus, comprising: 

a correlated double sampling/automatic gain control 
(CDS/AGS) circuit performing sample/hold and auto- 
matic gain control operations on an analog image signal 
based on a black level clamping signal; 

a black level clamp circuit generating the black level 
clamping signal based on a calibrated reference volt- 
age; 

an analog/digital (A/D) converter converting the analog 
55 image signal output from the CDS/AGS circuit into a 
digital image signal; 
a control signal setting means for comparing a black level 
value of the digital image signal with a black level 
calibration value, and for setting a digital control signal 
60 based on the comparison; and 

a reference voltage calibration means for generating the 
calibrated reference voltage in accordance with the 
digital control signal, the reference voltage calibration 
means comprising: 
65 a decoder decoding the digital control signal into a 
decoded signal having a first predetermined nimiber 
of bits; 
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a voltage divider generating a second predetermined 
number of selectable reference voltages, each select- 
able reference voltage differing from another select- 
able reference voltage by a predetermined voltage; 
and 5 

a voltage selector selecting one of the second prede- 
termined number of selectable reference voltages 
based on the decoded signal. 

9. The apparatus of claim 8, wherein the reference voltage 
calibration means further comprises: lo 

a buffer buffering and amplifying the selected selectable 
reference voltage. 

10. A black level calibration apparatus, comprising: 

a correlated double sampling/automatic gain control 
(CDS/AGS) circuit performing sample/hold and auto- 
matic gain control operations on an analog image signal 
based on a black level clamping signal; 

a black level clamp circuit generating the black level 
clamping signal based on a calibrated reference volt- 
age; 

an analog/digital (A/D) converter converting the analog 

image signal output from the CDS/AGS circuit into a 

digital image signal; 
a control signal setting means for comparing a black level 25 

value of the digital image signal with a black level 

calibration value, and for setting a digital control signal 

based on the comparison; 
a reference voltage calibration means for generating the 

calibrated reference voltage in accordance with the 

digital control signal; and 
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a reference voltage generator generating at least one phase 
reference voltage, wherein the A/D converter converts 
the analog image signal into the digital image signal 
based on the phase reference voltage, and the reference 
voltage calibration means generates the calibrated ref- 
erence voltage based on the digital control signal and 
the phase reference voltage. 
11. A black level calibration apparatus, comprising: 
a correlated double sampling/automatic gain control 
(CDS/AGS) circuit performing sample/hold and auto- 
matic gain control operations on an analog image signal 
based on a black level clamping signal; 
a black level clamp circuit generating the black level 
clamping signal based on a calibrated reference voltage 
and feeding back the black level clamping signal to the 
CDS/AGS circuit; 
an analog/digital (A/D) converter converting the analog 
image signal output from the CDS/AGS circuit into a 
digital image signal; 
a control signal setting means for comparing a black level 
value of the digital image signal with a black level 
calibration value, and for setting a digital control signal 
based on the comparison; and 
a reference voltage calibration means for generating the 
calibrated reference voltage in accordance with the 
digital control signal and a phase reference voltage. 
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